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0 A mass biosensor uses an intermediate avidin 
layer to facilitate binding of a biotinylated antibody to 
a measurement surface of the biosensor. The avidin 
layer can be added by the manufacturer of the 
biosensor, while the biotinylated layer can be added 
by the user. This two-phase method of chemically 
modifying the measurement surface significantly re- 
duces the user time required to customize the mea- 
surement surface to render it capable of binding 
selected compounds. An organosilane coupling 
agent attached to the surface provides sites to which 
avidin is bound. Avidin acts as a universal receptor 
of biotinylated compounds with specific binding af- 
finities. Biotinylated antibodies or other biotinylated 
compounds are added and bind to the immobilized 
avidin. Surface adsorption is reduced by washing the 
modified surface with biotin to block potential sites 
of weak bond formation, electi'ostatic and hydropho- 
bic interactions. 
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SUBSTRATE PREPARATION FOR CHEMICAL-SPEaES-SPEdRC BINDING 



BACKGROUND OF THE INVENTION 



The present invention relates to anaiytica) 
chemistry and, more particularly, to devices and 
methods which provide for selectively binding 
chemical species to a substrate. A major objective 
of the present invention is to provide for more 
convenient and effective chemical binding to a sub- 
strate used in the context of a mass biosensor. 

Preservation of the environment requires that 
the amounts of various pollutants on land and in 
water be monitored. Latwratories monitoring these 
pollutants are charged with measuring microquan- 
tities of many different chemicals. Mass biosensors 
provided a valuable tool in this application, as well 
as in medical and other applications. 

Mass biosensors are used to measure micro- 
quantities of biological components and have tine 
potential for detecting trace amounts of biological 
and chemical components. One type of mass 
biosen^r uses a piezoelectric crystal as an acous- 
tic waveguide. An input transducer generates a 
periodic acoustic wave from a periodic electrical 
input signal. The acoustic wave propagates through 
the crystal to an output transducer which converts 
the received acoustic wave to an electrical output 
signal. The acoustic wave undergoes a change in 
propagation velocity which con-esponds to the 
mass bound of the surface of the crystal. By moni- 
toring the frequency or relative phases of the Input 
and output electrical signals, tiie mass changes at 
the surface of the crystal can be measured. 

To measure the amount of a specific chemiceil 
component in a sample solution, tiie surface of the 
crystal must be prepared to bind that component 
selectively. In one approach, a scientist obtains an 
unmodified crystal and prepares it shortiy before 
component measurement so tiiat it acquires an 
affinity for tiie component of Interest. For example, 
an antibody can be bound to a crystal surface to 
prepare the mass biosensor to measure the 
amount of the corresponding antigen. 

Heretofore, piezoelectric crystal biosensors 
were constructed so that antibody proteins which 
bind antigens or antibody-binding proteins which 
bind antitx)dies were bound directly to the surface. 
A major drawback of tiiis method is tiie extensive 
amount of time necessary to bind these proteins to 
the surface, a procedure taking many hours. In 
some cases, the preparation procedures take 24 
hours or more. 

Anotfier drawback is ttiat the shelf life of tiie 
sensors is limited by the stability of tiie proteins 
bound on its crystal surface. Antibodies and 



antibody-binding proteins require cold storage and 
lose binding activity witii time. Still anotiier 
drawback is that some of the proteins can be 
attached to the surface In an orientation that ob- 

5 scures binding sites for the compound of interest 
Additionally, tiie procedures for immobilizing the 
proteins on the surface exposes tiiem to chemicals 
which can lower binding activity by affecting func- 
tional groups at tiie binding sites. Furtiienmore, tiie 

10 procedure can require additional modifications for 
each specific protein system. Yet another problem 
is the high degree of nonspecific adsorption on the 
surface: many molecules in solution will bind to the 
surface by means of weak electrostatic and hy- 

15 drogen bonds. In a mass biosensor, this non- 
specific binding effects the measurement, limiting 
tiie sensitivity of the instilment and its analytical 
and clinical usefulness. 

What is needed is a quick and convenient 

20 procedure for customizing a sensor to bind chemi- 
cals of interest for diverse applications. Additionally 
needed is a sensor witii minimal nonspecific bind- 
ing so that it can be used in detecting trace quan- 
tities of chemicals of interest 

25 

SUMMARY OF THE INVENTION 



30 In accordance witii the present invention, a 
measuring device Includes a measurement surface, 
a ligand-blndlng layer on the surface, and a ligand- 
t)earing layer tound to the light-binding layer. The 
ligand-bearing layer Is selected for its binding affin- 

$B ity to a chemical to be measured. For example, a 
layer of a selected biotinylated antibody can be 
bound to an avidin layer. In turn bound to tiie 
piezoelectric crystal substrate of a mass biosensor. 
Preparation of the measuring device involves 

40 chemically modifying tiie binding properties of the 
measurement surface by utilizing a ligand-conju- 
gated compound having binding affinity for a 
chemical of interest and also utilizing a substi'ate 
having redprocal ligand-binding sites. The prepara- 

45 tion steps comprise attaching tiie ligand-binding 
substances as a layer to the surface, binding tiie 
ligand-bearing compound as a layer to the ligand- 
binding substance, and washing tiie resultant struc- 
ture witii a blocking agent which covers free active 

so sites in order to reduce non-specific adsorption. 
The resulting composite surface can be used for 
selective binding of the chemical of interest As an 
example, avidin can be coupled to a silica sub- 
strate, a biotinylated antibody can be attached to 
tiie avidin, and biotin can be added to block unoc- 
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cupied active sites. This composite surface will 
bind tightly to antigen with minimal nonspecific 
adsorption. 

An indicated, avidin is a favored material for 
the ligand-binding layer and biotinylated antibodies 
are appropriate for the ligand-bearing layer. A 
biotinylated antibody is composed of an antibody 
bound to blotin directly or via a spacer molecule. 
Biotin has one avidin-binding site per molecule and 
avidin has four biotirhbinding sites per molecule. 
Avidin and biotin bind tightly to one another 
through their reciprocal binding sites, even when 
each is in turn conjugated to other molecules, as 
long as the high affinity binding sites are not bloc- 
ked. 

The present invention provides a device which, 
when immersed in a liquid, binds selected chemi- 
cals. The surface of the device has overlaying 
layers composed of ligand-binding substance and 
ligand-conjugated compound, the latter having 
strong binding affinity toward the chemicals of in- 
terest The ligand-binding substance can be bound 
to the substrate using a coupling agent. Non- 
specific binding can be controlled by pretreatment 
with blocking agents, buffers, or other regimen. 
Blocking agents are chemicals that bind to the 
device and sterically inhibit the nonspecific binding 
from weak bond formation. Buffers of appropriate 
pH can inhibit nonspecific binding by neutralizing 
charged sites on the surface. 

A mass biosensor provided by the present 
invention includes an electric signal generator, an 
electro-acoustic input transducer, a piezoelectric 
crystal waveguide, an electro-acoustic output trans- 
ducer, and means for measuring phase changes 
between the electric signals from the generator and 
output transducer. In this case, the waveguide Is 
immersed in a liquid, a signal is applied, and the 
phase or frequency of the output signal from the 
waveguide is monitored. Mass changes on the sur- 
face of the waveguide affect the output signal and 
the mass or concentration of the analyte can be 
calculated from these data. 

The present invention provides for preparation 
of the measurement surface in two phases to ob- 
viate problems of excessive preparation time and 
product instability. In accordance with the preferred 
embodiment the first phase of preparation involves 
attaching avidin to the sensor surface. This phase, 
which is time consuming, can be accomplished 
efficiently by a manufacturer of the device. Avidin 
retains its binding activity at room temperature so 
that the avidin-coated device has a relatively long 
shelf life and, for manufacturing purposes, can be 
packaged and distributed without cold storage at 
considerable cost saving. A further advantage to 
the manufacturer is that avidin. which Is a constitu- 
ent of egg whites, can be abundantly supplied at 
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low cost, still another advantage for applications 
requiring sterile conditions is that the avidin-modi- 
fied sensor can t>8 sterilized since avidin witf)- 
stands temperatures up to 120* C. 

5 The second phase involves attaching a 
biotinylated compound to the avidin and blocking 
weak binding sites on the surface. This phase can 
be accomplished with ease by the user in about 30 
minutes. Although biotinylated antibody is less sta- 

10 ble tfian avidin. this component need not be added 
to the surface until just prior to use. Anotiier advan* 
tage to the user Is that the second phase of prep- 
aration requires no expensive apparatus or chemi- 
cals. Further, this phase of the procedure is ac- 

15 compltshed at room temperature under physiologi- 
cal conditions so that the binding activity of the 
biotinylated compounds is not compromised by 
harsh chemicals or high temperatures. Of great 
convenience to the user is the fact that biotinylated 

20 compounds are available commercially or can be 
prepared following published procedures. Thus, the 
present invention significantly enhances tiie conve- 
nience witii which mass biosensors can be cus- 
tomized to assess the amounts of selected chemi- 

25 cals. 

An important feature of the present invention is 
tiiat it can reduce nonspecific binding. Free, active 
binding regions on the silica surface are sterically 
blocked by bound avidin. Free, unbound sites on 

30 avidin are blocked in the final wash step with biotin. 
Since biotin is small and of low molecular weight, it 
has access to unbound binding sites that may 
otherwise be inaccessible to larger blocking agents 
because of steric hindrance. 

35 Yet anotiier feature of tiie invention is tiie mul- 
tiplication of binding sites. Since a single molecule 
of avidin has four biotin binding sites, when a silica 
surface is overlaid with avidin, the number of po- 
tential binding sites for biotinylated derivatives is 

40 fourfold the number of binding sites for avidin. 
When using biotinylated antibodies for the next 
layer, each of which contains two antigen binding 
sites, potential binding sites for the antigenic spe- 
cies are amplified again. These and other features 

45 and advantages of the present invention will be 
apparent from the description below with reference 
to the following drawings. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 



FIGURE 1 Is a schematic view of a sensor 
utilizing a surface transverse wave device with a 
55 chemically modified top surface. 

RGURE 2 Is a schematic Illustration of the pro- 
cess for Immobilizing avidin to a substrate. 
RGURE 3 Is a schematic illustration of the pro- 
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cess for attaching a biotinylated antibody to an 
avidin-coated substrate. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



In accordance wth the present invention, a 
mass biosensor 100 comprises a surface trans- 
verse wave (STW) device 110 with input trans- 
ducers 112 and output transducers 113 on its top 
surface 114. as shown in FIG. 1, A coupling layer 
116. fomned from an organosilane chemical, covers 
top surface 114. Coupling layer 116 serves as a 
site of attachment for an avidin layer 118. which 
binds tightly to a biotinylated antibody layer 120. 
Biotinylated antibody layer 120 can be replaced by 
other biotinylated compounds as appropriate for 
the particular application of the biosensor. A peri- 
odic signal produced by a signal generator 121 
passes through the Input transducers 112, where it 
is converted to a periodic acoustic wave and prop- 
agated along the surface transverse wave device 
1 10. to the output transducers 113. 

When the sensor is Immersed in sample 122, 
antigen 124 binds to biotinylated antibody layer 
120. The binding of antigen 124 causes the mass 
bound to surface 114 to change. This change is 
reflected in a change in propagation velocity of the 
acoustic wave between transducers 112 and 113. 
At the output transducers 1 13. the periodic acoustic 
wave Is converted into a periodic electrical signal 
which passes to the signal processor 125, The 
signal indicating the frequency or relative phases is 
then used to calculate the amount of antigen 123 in 
sample 122. 

After taking the measurement antigen 124 can 
be stripped from biotinylated antibody layer 120 by 
washing with a high ionic strength salt solution 
such as 1.5 M NaCI. Different stripping methods 
are appropriate for use with other biotinylated con- 
jugates. After the antigen is stripped from the anti- 
body layer the biosensor can be reused. 

A schematic illustration of the process for im- 
mobilizing avidin to a quartz substrate is presented 
in Figure 2. The substrate is pretreated by sputter 
deposition of Si02 to a thickness of 500 Angstroms 
to provide a number of active hydroxyl (-0H) 
groups. In the first step 21. an organosilane cou- 
pling agent is added to the substrate although 
other appropriate coupling agents could be used. 
The organosilane coupling agent has a general 
formula of RnSiX(4^}. X represents a hydrolyzable 
• group, for example, alkoxy. acyloxy, amine, or 
chlorine. R represents a nonhydrolyzable organic 
radical containing a primary alcohol group. The 
integer n can be 1. 2. or 3 but is most typically 1. 
The R and X groups are bound to the central 



silicon atom (Si). The orgarK)silane coupling agent 
is 3fllyddoxypropyltrimethoxysilane (QOPS). The 
chemistry for this step is as described in "Si lane 
Coupling Agent Chemistry". Barry Arkles, Petrarch 

5 Systems Register and Review, R. Anderson. B. 
Arides. and Q.L Larson. Eds., 1987. As a rasult. an 
organodihydroxysiloxane coats the substrate. In tiie 
second step 22, addition of a suitable oxidizing 
agent, such as sodium periodate. converts the pri- 

10 mary alcohol groups on the organic radicals to 
reactive aldehydes. In the third step 23, avidin is 
added and tiie aldehydes react with a primary 
amine on avidin to form a labile Schiffs base. In 
tiie fourth step 24, a suitable reducing agent is 

75 added, such as sodium cyanoborohydride, which 
converts tiie labile complex to a stable reduction 
product represented in 25. 

Streptavldln, a bacterial protein, can substitute 
for avidin since It has similar btotin binding prop- 

20 erties. Avidin is a glycosylated protein, which 
means it has an abundance of sugar residues at- 
tached, providing potential sites for nonspecific 
binding. Streptavidin is a nonglycosylated neutral 
protein which may be useful in certain applications 

25 for alleviating nonspecitic binding. Modified forms 
of avidin or streptavidin, as. for example, by ac- 
etylation of succinylation, or genetically engineered 
avidin or streptavidin can also be used so long as 
tiie btotin binding sites remain intact. 

30 Rgure 3 is a schematic representation of tiie 
process for attaching a biotinylated antibody to tiie 
avidin-coated substrate in order to bind a particular 
antigen. The avidin-coated substrate is incubated 
witfi tiie biotinylated antibody in step 31. In step 32 

35 tfie substrate is tiien washed witfi a blocking agent 
such as biotin which binds to any unoccupied sites 
on the avidin layer. Other blocking agents, such as 
glycine, can be used. When tiie substrate is im- 
mersed in sample solution in step 33. antigen 

40 binds to the surface via the antibody molecule, as 
shown in step, 34. 

The immobilization process according to tiie 
Invention is furtiier explained hereinafter by refer- 
ence to tiie following example. 

45 

Example 1 



so 

Modification of a Silica Surface witii Biotinylated 
Antibody 



55 1 . Silanization of silica substrate. 

Prepare a 10% solution of 3-glycldoxypropyl- 
trimettioxysllane (GOPS). pH 3.0. using 2.5 ml 
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GOPS (Aldrlch Chemical Co.)> 20 ml Isopropanol, 
2.5 ml H2O, and 1 ml acetic add. Expose a silica 
substrate pretreated with SiOs to the solution. Allow 
the solution to hydrolyze 1 hour then add 0.25 ml 
triethylamlne (Aldrich Chemical Co.). as catalyst. 
Allow 1 hour for binding. Rinse a-5X with distilled 
water. Allow the surface to dry !n vacuo or under 
helium, or in a mechanical oven at 110* C for 10 
minutes. 



2. Oxidation of epoxide or diol groups on GOPS by 
periodate oxidation. 

Prepare a 0.1% periodate solution with 1 
g.HslOei 200 ml H2O. 800 ml acetic acid. Incubate 
with the silanized substrate 30 minutes at room 
temperature. Wash with water. 



3. Incubation of substrate with avidin. 

Incubation the washed substrate with a solution 
of avidin in borate buffered saline (BBS), pH 8,5, at 
a concentration of 0.1 mg/ml. Mix by gentle inver- 
sion at 4* C for 20-24 hours. 



4. Reduction of Schiff s base to a stable reduction 
product. 

Following the incubation, add NaCNBH* at 
three 15 minute intervals for a final concentration of 
0.01 IW NaCNBHi, Rinse with BBS. 



5. Binding of biotinylated antibody. 

Incubate avid In-layered substrate with biotin- 
conjugated antibody in PBS for 30 minutes at room 
temperature. Wash witii PBS. 

A surface layered with avidin can be custom- 
ized by the user for widely different applications. 
Basically, tiie procedure utilizes a mixed conjugate 
comprising a biologically active molecule attached 
chemically to a ligand whereby the resultant prod- 
uct retains botii its biological activity and Its affinity 
for a ligand-binding protein. Any chemical pair that 
exhibits strong binding affinity toward one another 
Is a candidate. For example, biotinylated antibodies 
bind antigens, biotinylated polynucleotide strands 
bind DNA. cDNA or RNA, biotinylated DMA-binding 
proteins bind regulatory sequences of genes, 
biotinylated Protein G and Protein A bind im- 
munoglobulins, biotinylated lectins bind sugars, 
biotinylated enzymes bind their sut)Strates, cofac- 
tors or inhibitors, and biotinylated cell receptor 
proteins bind hormones, neurotransmitters, or 



vlmses. Any genetically engineered or chemically 
modified blotin can be substituted for biotin in ti^ 
conjugate or as blocking agent as long as tiie 
avidin binding site remains available. 

5 The method of the invention can be used on 
diverse substrates in accordance witii the particular 
application. When purification is the objective, 
chromatographic support matrices, or silica beads 
can be used. Glass tubes, petri dishes, or otiier 

10 labware treated according to the method of the 
invention can be used to introduce time-saving 
steps and convenience to standard laboratory pro- 
cedures. 

Alternative methods of attachment of the avidin 

15 layer can be used. For example, an organosilane 
coupling agent whose non-hydrolyzabie organic 
radical contains an amine group, (y-aminopropyl)- 
triethoxysilane (y-APTES), can be reacted with 
glutaraldehyde and tiien with avidin. Some sub- 

20 strates, such as Sepharose. can be activated and 
attached directly to avidin. 

The device of the invention accommodates any 
type of sensor, so that acoustical, optical, 
gravimetric, electrochemical, photoelectrochemical. 

25 capacitance, and thermistor sensors are all within 
tiie scope of tiie invention. Gravimetric sensors 
utilizing piezoelectric crystals include Rayleigh sur- 
face acoustic wave devices and Lamb acoustic 
wave device as well as the surface transverse wave 

30 device. Fiber optic evanescent sensors and eva- 
nescent planar waveguide sensors are among the 
possible optical sensors. Among those in the elec- 
trochemical category, are potentiometric, am- 
perometric and field-effect transistor (FET) sensors. 

35 While avidin and biotinylated compounds are 
convenient binding substances to use because of 
their widespread availability, otiier reciprocal bind- 
ing sut)stances can be used according to the meth- 
od of the invention. A lectin used as a first binding 

40 layer and a glycosylated receptor protein as its 
reciprocal binding layer will be applicable to the 
immobilization of virus particles, grov^ factors, 
hormones and other cell modulators. Altematively, 
protein A or protein G can be Incorporated In ttie 

45 first binding layer witii antibody as tiie second 
binding layer so ttiat the concentration of an anti- 
gen can be measured. These and other variations 
upon and modifications to the described embodi- 
ments are provided for by the present invention, 

so the scope of which is limited only by the following 
claims. 



Claims 

55 

1. A method for rendering a substrate surface spe- 
cific for tiie binding of a selected substance, said 
metiiod comprising tiie steps of. 
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attaching a first binding la/er to said substrate 
surface, said first binding layer having first layer 
high affinity binding sites available: axi6 
attaching a second binding layer to said first layer 
high affinity binding sites through redprocal high 
affinity binding sites on said second binding layer, 
said second binding layer having second layer 
binding sites available for the binding of said se- 
lected substance. 

2. The method of Claim 1 further comprising a step 
of. after attaching said second binding layer, wash- 
ing with a blocldng agent. 

3. The method of Claim 2 wherein said blocking 
agent has high affinity binding sites which are 
reciprocal to said first layer high affinity binding 
sites. 

4. The method of Claim 2 wherein said first binding 
layer is selected from a class comprising avidin. 
streptavidin, genetically engineered avidin, geneti- 
cally engineered streptavidin, derivatized avidin, 
and derivatized streptavidin; and said second bind- 
ing layer is a biotinylated compound. 

5. The method of Claim 4 wherein said blocking 
agent is biotin. 

6. A device for binding a selected class of chemi- 
cals in a liquid, said device comprising: 

a substrate; 

a coupling layer bound to said substrate, said cou- 
pling layer having a functional group; 
a ligand-binding layer attached to said substrate by 
means of said functional group, said ligand-binding 
layer having a high affinity site for a ligand; and 
a ligand-bearing layer strongly adhering to said 
ligand-binding layer, said ligand-bearing layer be- 
ing chemically selective for said selected class of 
chemicals. 

7. A device as in Claim 6 wherein said ligand- 
binding layer is selected from the group consisting 
of avidin. streptavidin, genetically engineered 
avidin, genetically engineered streptavidin, de- 
rivatized avidin, and derivatized streptavidin; and 
said ligand-bearing layer is a biotinylated com- 
pound. 

8. A device as in Claim 7 wherein said biotinylated 
compound is a biotinylated antibody, whereby said 
device binds the associated antigen. 

9. A device as in Claim 7 wherein said biotinylated 
compound is a biotinylated fragment of one strand 
of a polynucleotide, whereby said device binds 
fragments of polynucleotide strands that are com- 
plementary to said biotinylated fragment. 

10. A device as in Claim 7 wherein said biotinylat- 
ed compound is selected from the group consisting 
of proteins tiiat bind immunoglobulins, whereby 
said device binds Immunoglobulins. 

11. The device of Claim 10 wherein said biotinylat- 
ed compound is selected from tiie group compris- 
ing biotinylated Protein A and biotinylated Protein 



Q. 

12. A device as in Claim 6, wherein said ligand- 
binding layer is a lectin, said lectin having binding 
afnnity for selected sugars, and said ligand-bearing 

5 layer is a glycosylated receptor protein with said 
selected sugars attached. 

13. A measurement device comprising: 
measurement means for measuring the value of a 
parameter characterizing a chemical attached 

10 ttiereto, said measurement means having a surface 
to which said chemical is to be attached; 
a coupling layer bound to said surface, said cou- 
pling layer having a functional group; 
a ligand-binding layer attached to said surface by 

r5 means of said functional group; and 

a ligand-bearing layer strongly adhering to said 
ligand-binding layer, said ligand-bearing layer be- 
ing chemically selective for said chemical; 
whereby said chemical is attached to said surface 

20 by means of said ligand-bearing layer, said ligand- 
binding layer and said coupling layer so that said 
parameter can be measured. 

14. The device of Claim 13 wherein said parameter 
Is mass so that tiie concentration of said chemical 

25 in a solvent can be detenDlned. 

15. A mass sensor for measuring tiie mass of an 
analyte in a solution, said sensor comprising: 

a substrate having a surface to which said analyte 
is to be attached; 
30 a signal generator for generating a periodic signal; 
an Input transducer for converting said signal into 
an acoustic wave which is transmitted along said 
substrate; 

an output transducer for converting said acoustic 
35 wave into a received signal, said received signal 
being responsive to the mass of said analyte at- 
tached to said surface: 

signal processor means for analyzing said received 
signal to determine said mass: 

40 a coupling layer bound to said surface, said cou- 
pling layer having a functional group; 
a ligand-binding layer attached to said surface by 
means of said functional group; and 
a ligand-bearing layer strongly adhering to said 

4S ligand-binding layer, said ligand-bearing layer be- 
ing chemically selective for said analyte; 
whereby said analyte is attached to said surface by 
means of said ligand-bearing layer, said ligand- 
binding layer and said coupling layer so tiiat said 

50 mass can be determined by said signal processor. 

16. A surface transverse wave sensor for measur- 
ing the mass of an analyte in a solution, said 
sensor comprising: 

a substrate having a surface to which said analyte 
55 Is to be attached; 

a signal generator for generating a periodic signal; 
an Input transducer for converting said signal into 
an acoustic wave which Is transmitted along said 
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substrate; 

an output transducer for converting safd acoustic 
wave into a received signal, said received signal 
being responsive to the mass of said analyte at- 
tached to said surface; s 
signal processor means for analyzing said received 
signal to detennine said mass: 
a coupling layer bound to said surface, said cou- 
pling layer having a functional group; 
a ligand-binding layer attached to said surface by to 
means of said functional group; and 
a ligand-bearing layer strongly adhering to said 
ligand-blnding layer, said ligand-bearing layer toe- 
ing chemically selective for said analyte; 
whereby said analyte is attached to said surface by ts 
means of said ligand-bearing layer, said ligand- 
binding layer and said coupling layer so that said 
mass can be determined by said signal processor. 

20 
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